Just as the study of great apes aids in the understanding of early hominid evolution, so too can contemporary dream research help in the understanding of ancient hominid dream life and cognitive evolution. It has been proffered that a major leap forward in the cognitive evolution of hominoids may first have occurred in the building of nests, and a second major step may have been the full transition to ground sleep. These two changes may have begun a modification of the quality and quantity of hominid sleep, which in turn may have enhanced waking survival skills through priming, promoted creativity and innovation, and aided the consolidation of procedural memories. Current dream research with children, adults, animals and the dreams of modern hunter-gatherers, appears to support the hypothesis that these changes in sleep may have been important to the cognitive evolution of hominids from Homo habilis to Homo erectus. 
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The evolution of sleep and dreaming has recently received serious treatment in journals of psychology and cognitive science, but these efforts do not typically incorporate paleoanthropological evidence (eg, Franklin & Zyphur 2005; Revonsuo 2000; Walker 2005 ).
However, just as the study of great apes aids in the understanding of early hominid evolution, so too can contemporary dream research help palaeoanthropologists understand evolutionary developments in hominid sleep and perhaps even aspects of cognition.
It has been previously proffered (Fruth & Hohmann 1996) that one major leap forward in the evolution of the cognitive abilities of hominoids may first have occurred in the building of nests. We intend to build on this argument and will suggest that the hominid switch from arboreal to ground sleep prompted selection for and against specific aspects of sleep and that features of Homo erectus niche selected for others. We will present evidence from contemporary sleep research and from the palaeoanthropological record that changes in the sleep of hominoids about 2 million years ago, during the tree-to-ground sleep transition, may have aided the evolution of cognition. Stage 2 is also characterised by sleep spindles, which are periodic brief bursts of 12-16 Hz, occurring at a rate of about two per minute. Humans are typically awakened easily from these two stages and can report thoughts, ideas, and dreams after awakening from these stages. Stages 3 and 4 are considered deeper sleep stages, and are also referred to as slow-wave sleep (referring to its wave frequency). Slow-wave sleep has a frequency of 0.5 Hz to 3 Hz (called delta waves) and high amplitude (compared to other sleep stages).
Characteristics of sleep
In humans, it is the stage in which it is least likely that
The effects of the tree-to-ground sleep: Coolidge & Wynn coherent stories or vivid dreams are reported, and it diminishes sharply after the age of about 60. There appears to be an activation of the parasympathetic nervous system during slow-wave sleep and less activation of the cardiovascular system, with decreases of respiration, heart rate, and blood pressure. Activity of the gastrointestinal system accelerates, and there are increased movements of the gastrointestinal tract (Beatty 1995) . The predominant amount of slow-wave sleep occurs during the first third of a human's eighthour sleep period.
The fifth stage of sleep is not labelled as such. It is called rapid eye movement sleep or REM sleep, and it appears to be a newer evolutionary development compared to the other stages. Winson (1990) There is a great deal of variability among mammals in the percentage of REM sleep. All great apes have slow-wave sleep, and their REM varies from about 7% to 15% of their total sleep (eg, Allison & Cicchetti 1976) .
Most monkeys, with whom we share a more distant common ancestor much further back in time than we do with the great apes, also spend about 5% to 15% of their sleep in REM. Human REM constitutes 25% of total sleep time. Interestingly, the onset of sleep in primates is often accompanied by a hypnic or hypnagogic jerk, which is a sudden muscle reflexive movement that frequently awakens the sleeper.
Although the ultimate cause of the hypnic jerk is unknown, a common hypothesis is that it is an archaic reflex to the brain's misinterpreting the muscle relaxation accompanying the onset of sleep as a signal that the sleeping primate is falling out of a tree (eg, Coolidge 2006) . The reflex may also have had selective value by having the sleeper readjust or review his or her sleeping position in a nest or on a branch in order to assure that a fall did not occur.
Muscle atonia (loss of muscle tone or muscle 'paralysis') is a physiological response that occurs with the onset of REM sleep. Jouvet (1980) explored the role of inhibitory neurons upon voluntary muscle systems in preventing these systems from acting out dreams. Morrison (1983) demonstrated that selective destruction of these inhibitory neurons allowed cats to act out predatory actions, presumably the content of their REM dreams. A similar disorder has been noted in humans, the REM sleep behaviour disorder (Sforza et al 1997) . Also, some sleeping people can become aware of this muscle paralysis during REM sleep, and their accompanying dream themes often reflect the interpretation of muscle atonia, such as being paralysed by aliens or being crushed by ghosts (eg, Wing et al 1994) . In their study of over 600 Chinese undergraduates, over 93% had heard of the ghost oppression dream and 37% claimed to have experienced it.
It has also been suggested that one of the most common themes of all adult dreams, falling, may in part occur because of the sleeper's interpretation of the complete muscle atonia that accompanies the onset of REM sleep (eg, Van De Castle 1994) . The other suspicion, of course, is that the falling theme is connected to our arboreal hominid origins, as falling out of a tree was an event that an early hominid should not have taken lightly nor have easily forgotten (eg, Sagan 1977 ).
An evolutionary speculation for muscle atonia and the differentiation of slow-wave and REM sleep comes from the work of Kavanau (2002) The effects of the tree-to-ground sleep: Coolidge & Wynn It also appears that the motor paralysis during REM sleep is accompanied by specific deficits in the executive functions of the frontal lobes. The latter functions are thought to include planning and organising tasks to attain goals and decision-making (eg, Pennington & Ozonoff 1996) . A distinction is often made between the executive functions of the dorsolateral prefrontal cortex (PFC) and the ventromedial PFC. The functions of the former include complex problemsolving, decision-making, and verbal fluency and are sometimes referred to as cognitive executive functions whereas functions of the latter are thought to include decisions regarding social and interpersonal interactions and are sometimes referred to as affective executive functions (eg, Sarazin et al 1998) . Studies from fMRI research appears to demonstrate that the dorsolateral PFC is deactivated during REM sleep, however, there is activation of the ventromedial PFC, the amygdala, and the anterior cingulate gyrus (eg, Maquet et al 1996) . The latter structure is also thought to mediate attention and some of the affective executive functions (eg, Gazzaniga et al 2002) . In summary, it appears that some important functions of the PFC are deactivated during REM sleep and other parts are highly active. It is thought that these differential brain mechanisms allow the dreamer to remain in a quiescent physical state, unable to select and attend freely to particular internal and external stimuli, and yet accept often bizarre dream scenarios as reality. For example, interacting with long-dead people we have known or people we have not seen for years is not rationally challenged while we dream, nor are we readily able to become aware that we are dreaming when we encounter these improbable dream scenarios, eg, Franklin & Zyphur 2005 . We shall return to the latter's additional speculations later in the paper.
As for the function of sleep, Lima, Rattenborg, Lesku, and Amlaner (2005) have noted that most evidence has supported an important restorative basis, although it has also been recently proffered (eg, Coolidge, 2006) that an overview of this literature also supports mnemonitive and innovative functions as well.
Furthermore, it appears unlikely sleep would have a single function, as multiple and interactive reasons for sleep are most likely, given the latter's behavioural and physiological complexities (eg, Walker 2005 
Hominoid and early hominid nesting
As noted earlier, virtually all animals sleep, but the nature of sleep is best documented and understood for vertebrates, especially birds and mammals. Both spend a significant portion of the day asleep, and selection of sleeping sites is therefore a significant feature of adaptive niches. Various considerations come into play in selection or construction of sleeping sites, including thermoregulation, nearness to and/or protection of food sources, social interactions, parasite threat, and risk of predation. All of these come into play for primates, but there is considerable variability within the order in solutions to the sleeping site problem. Many prosimians nest, but most anthropoids do not (Kappeler 1998) . Instead, monkeys and lesser apes select sleeping sites, but do not modify them. For monkeys such sites are often high in trees or on cliff faces, sites which present a real risk of falling, but which, for the same reason, reduce the risk of predation. One apparent effect that this has had for many monkeys is a predominance of early stage, light sleep (Anderson 1998 ).
Construction of sleeping nests appears to be a derived feature for the great apes. Orangutans, chimpanzees, and bonobos typically construct nests in trees, while gorillas typically build nests on the ground. Fruth and Hohman (1996) report an average above ground height of 10-20 metres for the arboreal nests, while Groves and Sabater Pi (1985) The same considerations appear to go into great ape nest construction as go into the selection of sleeping sites by other primates. Great apes often nest near food sources (Fruth & Hohman 1996) , and occasionally in fruit bearing trees (Basabose & Yamagiwa 2002) .
Predation risk is also real for most studied groups of chimpanzees, with leopards being the major threat (Fruth & Hohman 1996; Koops et al 2007) . However, it has proven very difficult to assess the role of predation risk (Anderson 1998) Significant social interaction takes place after settling down for the night, often via vocalisation (Anderson 1998) , enough so that Fruth and Hohman (1996) consider this as a potential evolutionary source for information exchange among hominids. It is less clear that thermoregulation considerations come into play for great apes (they do for monkeys). The one tested chimpanzee case found that selection of ground nests was not influenced by windy or rainy conditions (at this site there was no predation risk) (Koops et al 2007) .
In part based on modern evidence of nest building in great apes, Sabater Pi, VeaÌ and Serrallonga (1997) proposed that early hominids probably also nested in Early Homo had larger brains than australopithecines, and at least one of them made and used stone tools.
However, neither the tool-making, nor the way the tools were used, required cognitive abilities not already possessed by apes (Wynn & McGrew 1989) , and the specific adaptive reasons for encephalisation remain unknown. There is, however, no reason to conclude that Homo habilis and rudolfensis had given up sleeping in trees.
But Homo erectus (sensu lato) almost certainly had. 
Interestingly, Wrangham et al estimate the beginnings
The effects of the tree-to-ground sleep: Coolidge & Wynn of cooking at about 1.9 million years ago and attribute the behaviour to early Homo erectus. A second development was that of deliberate tools, in the guise of large bifacial tools that were carried about and used for a variety of tasks. We use the term 'deliberate' tool intentionally. Earlier stone tools were ad hoc productions made for a specific task at hand (Toth 1985; Wynn 1981 Wynn , 1985 . Earlier Homo had perhaps carried raw material from place to place, but did not make tools that they carried around. This may strike one as splitting hairs, but we think it is quite important. Ad hoc tools result from a motor procedure tied to an immediate task.
A deliberate tool results from a motor procedure tied to the tool, and a range of potential, future tasks (Wynn 1993) . If nothing else, this suggests that tools had become an enduring and essential component of the niche. Homo erectus also employed a new cognitive ability when he or she made these tools -the ability to coordinate shape recognition (in this case symmetry) with spatial cognition (Wynn 2002) . Indeed, Rossano This suite of adaptive developments (eg, the ground sleep transition, deliberate tool-making, the coordination of shape and spatial cognition, rapid dispersal, etc) has led several palaeoanthropologists to suggest that the evolution Homo erectus represented a significant break from previous, more ape-like, ways of life (Aiello & Key 2002; Wood & Collard 1999) . Cachel and Harris (1995) have proposed a provocative hypothesis for the niche of Homo erectus, a hypothesis that dovetails nicely with our arguments for enhanced sleep. They suggest that Homo erectus was a 'weed' species, especially adept at invading disrupted environments, such as those common in the Pleistocene, and new locales. An essential element to this was the ability to learn new territories very rapidly.
It is tempting to infer that, if relative brain size increase in genus Homo is associated with an enhanced ability to map important resources and predict their availability across a home range, this might explain the greater dispersal ability of this genus in comparison to the australopithecines' (Cachel & Harris 1995:59) . However, they also observe that there is no correlation between dispersal ability and brain size in other animals, and focus on the increase in body size and culture as the important factors. We think they abandoned the neurological factor too quickly. In addition to the increase in body size, Homo erectus demonstrated new spatial abilities unknown in any ape (Wynn 2002) , and though the relationship between small scale spatial thinking (artefacts) and large scale spatial thinking (landscape) is not simple in a cognitive sense, there
The effects of the tree-to-ground sleep: Coolidge & Wynn does appear to be a correlation (Silverman et al 2000) .
The increase in home range, and increased dispersal ability may have been the factors that selected for Homo erectus' spatial cognition. It is precisely these kinds of spatial tasks that may be related to changes in the quality of sleep during the tree-to-ground sleep transition.
To our knowledge, Fruth and Hohmann (1996) were the first to propose that nest building may have been a 'great leap forward' in the evolution of cognition. Stronger support for the threat simulation hypothesis comes from Revonsuo and Valli (2000) and Valli et al (2005) .
We also argue that even Freud (1900 Freud ( /1956 provides evidence for Revonsuo's threat simulation hypothesis, albeit a weaker case. Freud noted at least two dreams that may have had ancient ancestral roots:
(1) the examination dream, and (2) the embarrassment of being naked dream. In both instances, we would posit that the dreams serve to prime the dreamer to be prepared in his or her subsequent waking life. In the examination dream, the dreamer is unprepared for an examination about to be undertaken. There is also a plethora of anecdotal reports of creative ideas and solutions for problems arising from dreams. For example, Krippner and Hughes (1970) found, in a survey of contemporary mathematicians, over 50% reported that they had at least once solved a mathematical problem in a dream. The brilliant Indian mathematician Ramanujan (1887 Ramanujan ( -1920 
Procedural memory consolidation and enhancement
Consciousness is a continuum from awake to asleep.
Wakefulness obviously varies from very aware to semiaware (some freshmen in lectures), but sleep also varies in levels of awareness. Vivid and elaborate dream reports are nearly entirely absent in the slowwave sleep, but REM sleep often includes 'paradoxical awareness', which is the state of being selectively aware of some aspects of our external sleeping environment (for example, muscle atonia, or strange sounds or our names), yet sleeping through most other sounds and stimuli. Furthermore, we can become aware that we are dreaming, but more often than not, we accept our dream and our awareness of it as reality. Because learning and memory formation are aspects of consciousness (although there is some evidence for some types of learning without awareness), there is reason to suspect that memories are stabilised and consolidated during sleep, both slow-wave and REM.
Indeed, it would not be reasonable to suspect that these activities would stop altogether during sleep, although it also seems plausible that these activities might be reduced during sleep (particularly active learning).
The first strong empirical research for REM's role
The effects of the tree-to-ground sleep: Coolidge & Wynn in memory consolidation comes from the work of Winson (1990) . He demonstrated in animals that a theta rhythm (6 Hz) arises from the hippocampus associated with specific and important functions such as exploratory behaviour of rats, predation in cats, and rigidity in rabbits. In research on sleeping rats General support for Winson's hypothesis comes from a gene study by Ribeiro, Goyal, Mello and Pavlides (1999) . They studied the expression of a plasticityassociated gene zif-268 during slow-wave and REM sleep of rats that had been exposed to an enriched sensorimotor experience in a preceding waking period.
In this context, plasticity refers an ability of neurons, under the control of genes, to make lasting structural and functional changes in responses to a stimulus or an experience. They found that non-exposed control rats showed a reduced zif-268 gene expression during slow-wave and REM sleep, whereas the exposed rats Born (2001) found that memories with a strong emotional valence were retained better than emotionally neutral memories across periods of REM sleep but not for slow-wave sleep.
However, there appears to be mounting empirical evidence for the enhancement of various kinds of procedural memories in human sleep. Walker (2005) argues that the initial acquisition phase of learning and memory does not appear to rely fundamentally on sleep. They also established that selective disruption of REM sleep, but not non-REM, resulted in a loss of these memory gains. Stickgold, James, and Hobson (2000) used the same task as Karni et al and found that the Brakefield, Seidman, Hobson and Stickgold (2003) found that a majority of the consolidation-based enhancement occurred after the first night of sleep following acquisition, but that additional delayed learning did occur on subsequent nights. They also speculated that acquisition learning and delayed learning during sleep were regulated by different mechanisms. Fischer, Hallschmid, Elsner and Born (2002) replicated these findings and supported the conclusion that a full night's sleep after acquisition is critical to the delayed enhancement effect. However, they found that learning was positively correlated to REM sleep, but not for Stage 2.
In a procedural visual-motor task, Smith and MacNeill (1994) found that selective deprivation of late night sleep, particularly Stage 2, impaired retention. 
Discussion
In sum, we believe that the palaeoanthropological evidence supports one strong conclusion and one weaker conclusion concerning the evolution of sleep.
The strong conclusion is that selective pressure against 10 Can this hypothesis be tested? 
